k · p theory the band structure properties of type-II W-design AlSb/InAs/GaInSb/InAs/AlSb quantum wells on GaSb substrates of various crystallographic orientations have been investigated. Such structures are predicted for the emission in a broad range of mid infrared from below 3 µm to beyond 10 µm. The energy of the fundamental optical transition and the corresponding oscillator strength have been determined in function of the layer structure details and versus the substrate orientation. In addition, the resulting optical anisotropy in such type-II quantum wells has been derived.
Introduction
Semiconductor lasers emitting at wavelengths longer than 23 µm are of great interest for applications in environmental pollution monitoring, medical diagnostics, infrared countermeasures, laser surgery and gas leakage detection [13] . In this wavelength region, there exist at least several competing concepts of sources of coherent radiation, including common laser diodes based on type-I quantum wells (QWs), quantum cascade lasers (QCLs) and interband cascade lasers (ICLs). For the latter ones, there have already been reported several advantageous features like broad tuning range of the emission, minimized inuence of the Auger related carrier losses, and a very low power consumption [4] . However, in order to realize that, many parameters of these multilayer structures must be optimized, especially on the side of the active region which is composed of a cascade of type-II QWs made of a broken gap materials.
In this work, I consider type-II QWs in a form of the so called W-design, i.e. where a double potential well is used for the connement of electrons, and hence the well energetic prole resembles the W letter [5] . We calculate the fundamental electronic structure properties of AlSb/InAs/GaInSb/InAs/AlSb QWs grown on GaSb substrate on various crystallographic planes taking into account the eect of modications in the band structure due to the related strain and piezoelectric eld. The calculations are carried out within the eight-band k · p theory. We demonstrate the broad range of spectral tunability via the structure parameters modications. We nd that the fundamental e 1 -hh 1 transition energy decreases as the crystal orientation is inclined from [001] toward [110] . We show that the transition energy e 1 -hh 1 can still be eciently optimized for wavelengths even beyond 8 µm, for a given range of thicknesses of InAs layers conning electrons, and for particular orientations of the substrate. Besides, as originally proposed by Yang [6] regarding the use of the type-II design, the broken gap structure of InAs-GaInSb leads to a partial local separation of electrons and holes and hence to signicantly reduced transition oscillator strengths compared to type-I laser diode. Therefore, this issue has also been included in our considerations. 
in which θ is the angle between the k z axis (parallel to the growth direction) and k x −k y plane. For θ = 0 This is a straightforward exercise in algebraic manipula-
tions which isdescribed in Ref. [12] , hence not repeated here. The IIIV compound semiconductors are piezoelectric materials. Once the o-diagonal strain components are known, one can then proceed to calculate the straininduced electric polarization in any layer
where e 14 is the piezoelectric coecient and ε jk is the strain tensor. The strain-induced polarization along the [11N] growth direction is then given by
The polarization induced electric eld along the [11N] growth direction of the s-th layer is given by [13] :
where is the dielectric constant and L t is the thickness of layer t.
In general, the carrier wave functions and the subband energies can be determined by numerically solving the Schrödinger equation using the nite dierence method [14] . Knowing the energy band dispersion relations and the associated multicomponent wave functions, the momentum matrix element is obtained as in Ref. [15] . Then, the squared optical matrix element at the zone centre for light polarized in any direction can be calculated as
where |c and |v are wave functions of the conduction and valence bands, respectively, e is the unit polarization 
where |M x | Thus we expect that such a high electric eld will aect signicantly the conduction and valence band structure and the squared overlap integrals. 
